Introduction
P i l o t P l a n t , " dated August 1979, prepared by Science Applications, Inc. ( S A I ) .
Morgantown Energy Technology Center (METC) i s planning t o expand i t s in-house coal
The design approach was evaluated t o deg a s i f i c a t i o n R&D c a p a b i l i t i e s by i n s t a ll i n g a research f a c i l i t y t h a t can address a number of concepts including entrained, t h e need f o r f l e x i b i l i t y . f l u i d bed, and c a t a l y t i c g a s i f i c a t i o n and f l a s h pyrolysis. T h i s Advanced GasificaHeat and material balances, c r i t i c a l t i o n Concepts (AGC) 
f a c i l i t y i s , i n addiv e l o c i t y requirements, v e s s e l arrangements, t i o n , intended t o have s u f f i c i e n t f l e x ip o t e n t i a l o p e r a t i o n a l problems, and inb i l i t y t o allow i t s use beyond t h e s t a t e d o b j e c t i v e s t h a t formed t h e b a s i s f o r i t s design. The design, a s it c u r r e n t l y
The mechanical design review included a stands, includes piping and instrumentac r i t i q u e of the drawings and specificat i o n diagrams, v e s s e l drawings and specit i o n s , adherence t o standards and codes, f i c a t i o n s , instrumentation lists and materials of construction, v e s s e l s , piping, s p e c i f i c a t i o n s , and equipment layout and valves, h e a t e r s , and f i t t i n g s . I n addi-
isometric drawings. Before t h e design t i o n , u t i l i t i e s requirements, h e a t t r a n si s f i n a l i z e d , a c r i t i q u e i s needed t o enfer and p a r t i c u l a t e removal c a l c u l a t i o n s , sure t h a t t h e intended f l e x i b i l i t y and o b j e c t i v e s can be m e t .
ments w e r e checked.
-tennine whether t h e present design w i l l meet t h e research o b j e c t i v e s , including strumentation w e r e reviewed.
and pumping and h e a t exchanger require- 
This Technical Review of t h e Entrained

t i v e was t o provide Morgantown Energy Technology Center (METC) w i t h a c r i t i q u e of t h e design r e p o r t e n t i t l e d "Engineering and S p e c i f i c a t i o n f o r Ent r a i n e d Coal G a s i f i c a t i o n Bench-Scale
An evaluation of t h e equipment c o s t includes a c r i t i q u e of t h e r e l i a b i l i t y of t h e equipment c o s t breakdown, t h e a r e a s of c o s t uncertainty, and t h e a r e a s f o r p o t e n t i a l c o s t savings.
A s a f e t y a n a l y s i s i s provided t h a t ident i f i e s highly probable and highly s e r i o u s p o t e n t i a l s a f e t y hazards and includes appropriate recommendations.
Summary of conclusions and recommendations
This s e c t i o n is a concise comprehensive summary of t h e s i g n i f i c a n t conclusions and recommendations p e r t a i n i n g t o t h e functional c a p a b i l i t i e s , c o s t , and s a f e t y of t h e system. It does not include t h e suggestions regarding minor c l a r i f i c a t i o n s . Additional discussions regarding t h e conclusions and recommendations are presented i n t h e subsequent s e c t i o n s of t h e r e p o r t .
2.1.
Several statements i n t h e r e p o r t r e q u i r e updating and c l a r i f i c a t i o n bef o r e t h e associated items a r e procured. Overall p r o j e c t accuracy should be defined. The criteria should be revised t o r e f l e c t t h e a c t u a l flow rates f o r both t h e gas and coal streams and t h e a c t u a l vessel s i z e s based on t h e f i n a l r e a c t o r volume. Comments i n t h e c r i t i q u e are based on a 3 i n . i . d . x 4 f t long react o r , r a t h e r than t h e designs i n t h e SA1 report.
2.1.1. The c o a l feed s t o r a g e and t h e char pot volumes should be increased.
2.1.2.
The range of t h e coal feeder should be increased t o 1.8 t o 24 lb/hr.
2.1.3.
The gas flow rates should b e increased t o t h e levels shown on t h e revised Table 3 .2. i n Section 3 of t h i s report.
t u r e s , f u r t h e r i n v e s t i g a t i o n i n t o t h e use of Dowtherm G o r a change i n t h e process t o lower t h e temperature a t t h e char cooler i n l e t i s recommended.
Because of expected high tempera-2.3.
It was concluded t h a t t h e proposed r o t a r y s t a r feeder, coupled with modific a t i o n s based on METC's experience i s t h e b e s t approach.
2.4.
The s p e c i f i c design f o r t h e heater/ r e a c t o r has been i n a s t a t e of development during t h e t i m e t h i s review was made.
A r e c e n t design has a l a r g e r r e a c t o r sect i o n ( 3 i n . i . d . and 4 f t long) than t h e designs described i n t h e r e p o r t . Design improvements have minimized o r eliminated many of t h e concerns regarding t h e react o r designs i n t h e r e p o r t . A review w i l l be made of a d i f f e r e n t r e a c t o r whose s i z e is 3 i n . i . d . x 30 i n . long.
2.5.
The heat t r a n s f e r c a l c u l a t i o n s i n SAI's r e p o r t f o r t h e gas h e a t e r are numeri c a l l y i n c o r r e c t . The proposed h e a t e r design can provide s u f f i c i e n t heat t r a n sf e r a r e a i f higher temperatures can be used, b u t concern exists regarding t h e temperature l i m i t a t i o n s of t h e s i l i c o n e carbide. It i s recommended t h a t t h e h e a t e r be designed with m u l t i p l e heating zones, t h a t consideration be given t o a d d i t i o n a l preheater capacity, and t h a t t h e h e a t t r a n s f e r c a l c u l a t i o n s be again reviewed when t h e h e a t e r design i s more firm and t h e maximum gas flow rates have been firmly established. Verbal discuss i o n s with SA1 i n d i c a t e t h a t t h e i r repres e n t a t i v e concurs with t h e above conclus i o n s and recommendations: SA1 recommends use of s i l i c o n e carbide i n t h e 3000OF t o 3100OF range.
2.6.
The f l e x i b i l i t y of t h e instrumentat i o n f o r t h i s p r o j e c t could be increased by t h e u s e of dual thermocouples t o e l i mi n a t e unnecessary l o s s of d a t a and t h e use of d a t a loggers t o provide programmable c a p a b i l i t y .
2-1 2.7. of t h e gas i n t o t h e r e a c t o r and t h e subsequent mixing of t h e gas and coal should be d e a l t with experimentally as suggested i n t h e SA1 r e p o r t .
The hole configuration f o r e n t r y 2.8. The product condenser, H-501, w i l l be marginal a t b e s t and should be increased i n s i z e s i n c e t h e increased cost would be minimal. 2.9. t i o n e d i n t h e documentation provided, it i s recommended t h a t consideration be given t o t h e implementation of approp r i a t e q u a l i t y c o n t r o l measures.
Since q u a l i t y c o n t r o l i s not men-2.10. be checked u n t i l t h e heater/reactor i s designed. It i s not expensive t o add e x t r a capacity f o r f u t k r e f l e x i b i l i t y and it i s recommended t.hat t h i s be done.
2.11.
The c o s t estimate should be redone s i n c e it was primarily based on both a high and a low pressure system. The l i q u i d cooling system cannot 2.11.1.
Items not on t h e flow s h e e t should be d e l e t e d from t h e estimate; f o r example, dual system components, r e v e r s e osmosis system, and N 2 and C02 compressors.
2.11.2.
Most o f t h e material c o s t s assigned t o individual items seemed reasonable.
2.11.3.
The estimated c o s t of t h e engineering seems low considering t h e s i g n if i c a n t amount of e f f o r t needed t o comp l e t e t h e p r o j e c t .
2.11.4.
The allowance f o r contingency i s low f o r t h i s e a r l y i n t h e l i f e of t h e pro j ect .
2.11.5.
An e s c a l a t i o n f a c t o r should have been added t o allow f o r t h e rise i n c o s t s due t o i n f l a t i o n .
2.12. system and f a c i l i t y and t h e i r r e l a t i o ns h i p s a r e not c l e a r l y defined i n t h e report.
SAR be completed. recommendations a r e made:
The s a f e t y requirements of t h e I t i s recommended t h a t t h e planned
The following s a f e t y 2.12.1. U s e only blow-out w a l l s r a t h e r than blow-out w a l l s and a blow-out roof because of t h e problems associated with snow and ice loading on t h e roof and t h e problems o f containment of t h e blow-out portion of t h e roof.
2.12.2.
U s e flashback a r r e s t o r s i n pipel i n e s carrying flammable gases and prov i d e pressure sensing and venting devices a t a l l p o i n t s where pressures may be i s o l a t e d .
2.12.3.
Revise t h e a c t i o n and alarm l e v e l s f o r t o x i c and flammable gases t o b e t t e r ens u r e personnel s a f e t y .
2.12.4.
Provide a two-speed v e h t i l a t i o n system f o r t h e cell. The high speed vent i l a t i o n should prevent build-up of t o x i c o r f l a m a b l e gases, and t h e low speed should maximize t h e s e n s i t i v i t y of gas d e t e c t i o n monitors.
2.12.5.
Consider "Human Factors" i n t h e design of t h e information/alarm systems t o ensure proper r e a c t i o n from operators t o system deviations.
2.12.6.
Provide f i r e protection, preferably Halon, f o r t h e e l e c t r o n i c equipment.
2-2 2.12.7.
Provide emergency power t o a l l 2.12.8. I n v e s t i g a t e t h e possible use of systems necessary t o monitor and s h u t t h e Fenwall explosion suppression system down t h e process including such things as i n s i d e t h e c e l l area. t h e a i r supply t o air-operated valves.
General review of design report
Section 3 includes general discussions of t o p i c s applicable t o most of SAI's design r e p o r t , but not s p e c i f i c a l l y applicable t o any s i n g l e page o r few pages of t h e design r e p o r t . ments t h e discussions i n Section 4, which address t o p i c s page by page.
It comple-
Valvinq
Temperature, pressure, and flow condit i o n s a r e s p e c i f i e d f o r each valve, b u t no manufacturer i s l i s t e d . Valve s p e c i f ic a t i o n s need to match conditions a t t h e point of use, and when m a t e r i a l lists a r e generated, t h e s e conditions should b e v e r i f i e d .
It i s important t h a t relief valves be properly s i z e d f o r flow and t h a t t h e valve materials are compatible w i t h t h e gas compositions. It would a l s o be des i r a b l e t o have a remote i n d i c a t i o n t o show a c t i v a t i o n f o r each r e l i e f valve.
3.2.
Piping I n t e r f a c e I n general, t h e i n t e r f a c i n g s do n o t appear t o be a problem. Note, however, t h a t a s t h e f i n a l design i s generated f o r t h e h e a t e r / r e a c t o r i n t e r f a c i n g t o t h e s t a r feeder, gas preheater, steam i n j e ct o r , and char pot w i l l a l l be important t o consider i n r e l a t i o n t o the temperat u r e gradients a t t h e s e points.
I n general, t h e v e s s e l s appear t o have oversized i n l e t / o u t l e t connections. For example, v e s s e l V-505 c a l l s f o r a 1-in. Grayloc f i t t i n g when 1/2 i n . Grayloc could be used f o r t h e process connections. Even 1/2 i n . GrayloFs would r e q u i r e downs i z i n g t o f i t 1 / 2 i n . tubing.
3.3.
Process Flow L i m i t s Changes i n r e a c t o r volume have a major impact on t h e gas and coal flow rates through t h e system. cases w e r e reviewed i n an attempt t o f i n d t h e flow limits. These c a l c u l a t i o n s w e r e r e s t r i c t e d per METC t o a pressure range of 200 t o 600 p s i g and a gas residence t i m e o f from 5 t o 1 0 sec f o r t h e 3-in.
i . d . x 4 f t long r e a c t o r s i z e . Table 3 -1 i n t h i s r e p o r t l i s t s these l i m i t i n g tests. The f i n a l r e a c t o r s i z e should be determined t o accurately set these flow requirements.
Several of t h e t e s t
Dowfherm System
The recommended temperature u s e range f o r Dowtherm G i s l i s t e d a s up t o 650°F. The system a s designed should not exceed 650°F bulk temperature b u t f i l m temperatures between 700 -800°F a t t h e char cooler should be expected. T h e maximum recommended f i l m temperature i s 725°F.
An a r t i c l e i n Chemical Engineering, May 28, 1973, p. 91, s t a t e s t h a t by "exceedi n g t h e maximum recommended f l u i d t e mp e r a t u r e by 50°F, a 1 0 % sample loss ( a t t r i b u t a b l e t o venting of v o l a t i l e products and carbon deposition) has been shown t o r e s u l t from 2 t o 4 weeks of continuous operation. "
Further i n v e s t i g a t i o n i n t o Dowtherm G and o t h e r heat t r a n s f e r media should be done o r t h e process should be changed t o reduce t h e temperature i n t h e char cooler. If it i s decided t o r e t a i n t h e Dowtherm G system, METC should t a k e advantage o f t h e f r e e a n a l y s i s s e r v i c e f o r Dowtherm media from Dow Chemical and p e r i o d i c a l l y ( s i x months t o a year) s u b m i t a sample.
consideration be given t o t h e implement a t i o n of appropriate q u a l i t y c o n t r o l measures t h a t m e e t t h e i n t e n t of a formal program such as DOE AL Appendix 0 8 s .
3.6.
Solids Monitoring 3.5.
Q u a l i t y Control
Quality c o n t r o l i s not mentioned i n any of t h e documentation provided.
t e m involves unique designs, hazardous m a t e r i a l s , and considerable complexity.
As t h e end r e s u l t must be meaningful experimental data, it i s recommended t h a t 
Detailed review of design report
Section 4 includes discussions t h a t a r e s p e c i f i c a l l y applicable t o a s i n g l e page o r a few pages of S A I ' s design r e p o r t . Some t o p i c s , of a more general nature, were previously discussed i n Section 3, which complements Section 4.
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The r e p o r t should be c l a r i f i e d t o r e f l e c t t h e i n t e n t t h a t 200-600 p s i g i s t h e press u r e range of most i n t e r e s t .
pressures a s low a s 14.7 p s i a and as high as 1000 psig are d e s i r e d f o r f l e x i b i l i t y ; however, instrument accuracy can be s a c r i f i c e d a t t h e extremes.
Operating
Page 5 The S A 1 r e p o r t s p e c i f i e s a range of residence times from 5 t o 1 0 sec i n SA1 Table   3 .1 , but subsequently c a l l s f o r residence times of 3 and 1 2 sec f o r t e s t I I D . The r e p o r t should make c l e a r t h e i n t e n t t h a t S A I l s Table 3 .1 should adhere t o .
The term 'adiabatic" should be c l a r i f i e d t o r e f l e c t t h e i n t e n t t h a t heat i s t o be supplied t o t h e r e a c t o r vessel w a l l s so . t h e vessel w a l l temperature w i l l match t h e r e a c t i o n mixture temperature i n o r d e r t o prevent heat loss from t h e r e a c t i o n mixture. For more f l ' e x i b i l i t y t o achieve t h i s condition, a multizone h e a t e r and c o n t r o l system i s recommended.
The s t a t e d method of sampling t h e s o l i d s i n batches on completion of t h e runs seems acceptable; however, it may be found, when t h e system i s o p e r a t i o n a l , t h a t s o l i d s samples are d e s i r e d during t h e runs. be made f o r a d d i t i o n a l remote s o l i d sampl i n g a s a p o t e n t i a l add-on f e a t u r e . example, two valves i n series a t t h e bottom of t h e char pot could be operated remotely t o remove samples during runs. The a d d i t i o n a l c o s t may n o t be j u s t i f i e d a t t h i s time.
It i s recommended t h a t provisions For
The coal throughput rate of 1 0 lb/hr i s too low f o r t h e r e a c t o r as s p e c i f i e d i n t h e r e p o r t : 15 lb/hr would be more approp r i a t e . r e a c t o r s i z e , t h e throughput would be i n t h e range from 1 . 8 t o 24 lb/hr.
Based on t h e p o s s i b l e new l a r g e r Page 6
The gas supply systems should be revised t o r e f l e c t t h e higher gas flow rates i f t h e l a r g e r r e a c t o r i s used (See revised  Table 3 .2 f o r maximum flows).
Page 7 The coal feed s t o r a g e volume (0.8 f t 3 1 i s should be increased t o about 2.0 f t 3 t o low based on t h e o r i g i n a l design. should have been about 1 . 2 f t 3 , b u t it handle t h e . l a r g e r r e a c t o r s i z e .
It Page 8
A mre meaningful b a s i s than temperature (ACFH) i s t h e volume of t h e r e a c t o r and t h e gas residence t i m e .
(2100OF) f o r determining a c t u a l f t 3 / h r Nitrogen should replace one of t h e hydrogens i n "Gas Composition. '' For t h e new r e a c t o r volume, t h e flow r a t e s should be 160-1200 SCFH and 70-1 4 1 ACFH. ** ***
4-1
Based upon an 8-hr t o t a l r u n t i m e .
O r i g i n a l i n parentheses.
The operating temperature of t h e reactor should be s p e c i f i e d over approximate ranges as follows:
I n l e t : 2200-3000°F, and o u t l e t : 1 6 0 0 t o 2300OF.
Several ranges of coal a n a l y s i s w e r e found i n t h e l i t e r a t u r e : t h e s o l i d s loading could be 0.3-2 lb/50 SCF of gas. The gas f l o w rate should be approximately 200-1700 SCFH (25-600 ACFH a t 2100°F, 200 t o 600 p s i g ) for t h e new I t appears t h a t 4-2 reactor s i z e . be 1.8 t o 24 lb/hr and t h e condensate loading should be 55 lb/hr. The pressure criteria should show a des i g n pressure o f 1100 p s i g and an operati n g pressure of 200-600 p s i g t o be consist e n t with t h e rest of t h e c r i t e r i a . For t h e new reactor s i z e , t h e l i q u i d volume s t o r a g e s i z e should be around 3.0 f t 3 t o hold a 3-hr run a t 55 lb/hr of H20. It would help c l a r i f y "operation a t 1800'F and 300 psig" by s t a t i n g t h a t steam i nj e c t i o n w i l l be used only when t h e react o r pressure i s less than 300 psig.
Creep could cause t h e j o i n t s and s e a l s t o develop leaks a f t e r t h e r e a c t o r i s used a t high temperature over a period of t i m e .
(Reference MRC comments on SAI's page B-15). This would be p a r t i c u l a r l y t r u e with use of 304 o r 316 s t a i n l e s s s t e e l i n t h e lower r e a c t o r section.
The steam supply subsystem as shown i n t h e P&I diagram i n d i c a t e s measurement of t h e steam pressure and temperature a t two d i f f e r e n t l o c a t i o n s . The same l o c a t i o n should be used f o r both i n o r d e r t o determine t h e mass flow rate of t h e steam.
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The proposed r o t a r y star feeder and other p o t e n t i a l feed mechanisms were evaluated f o r t h i s application. Vibrating feeders, f l u i d bed feeders, and screw feeders w e r e considered. The design may r e q u i r e seve r a l interchangeable s t a r wheels t o minimize p u l s e feeding a t low feed rates. A v i b r a t i n g system on t h e feed hopper and feeder may be helpful. A fluid-bed coal feeder would not have a wide feed-rate range and t h e c a r r i e r gas could i n t e r f e r e with operation of t h e reactor. type coal feeder may be acceptable; however, pressure f l u c t u a t i o n s between t h e r e a c t o r and t h e pressurized feed hopper may cause problems s i n c e t h e screw feeder does n o t provide p o s i t i v e pressure i s o l at i o n . C a l i b r a t i o n provisions are unclear. It was concluded t h a t t h e proposed r o t a r y s t a r feeder, coupled with modifications A screw 4-3 based on METC's experience, i s t h e b e s t approach.
The P & I diagrams show t h r e e temperature sensors €or t h e gas h e a t e r (303, 304, and 3051, but only one temperature c o n t r o l l e r . The i n t e n t of t h i s arrangement i s not c l e a r . As discussed i n response t o t h e h e a t t r a n s f e r c a l c u l a t i o n s on SAI's page B-12, more f l e x i b i l i t y could be obtained by independently c o n t r o l l i n g m u l t i p l e heating zones. The dimensions given f o r t h e h e a t e r t u b e do not agree with t h e dimensions used i n t h e c a l c u l a t i o n s on SAI's page B-12 which w e r e based on a 1/2-in. square channel, 20.2 f t long.
The i n i t i a l gas temperature e n t e r i n g t h e h e a t e r i s s t a t e d elsewhere i n . t h e r e p o r t as 600°F, not 5 0 ' F .
The maximum temperature of t h e ceramic w i l l exceed 3000'F i n o r d e r t o heat t h e gas t o 3000OF. This i s discussed f u r t h e r i n response t o t h e heat t r a n s f e r calcul a t i o n s on SAI's page B-12. During experiments using t h e steam inj e c t i o n probe, c a r e must be taken t o ensure t h a t t h e ash w i l l be s o l i d i f i e d bef o r e passing through t h e t h r o a t of t h e r e a c t o r where it w i l l be cooled by t h e steam. Otherwise it could accumulate on t h e t h r o a t s u r f a c e and plug t h e r e a c t o r .
Pages 20 t o 24
The s p e c i f i c design has been i n a s t a t e of development during t h e t i m e t h i s review is being done. A recent design has a l a r g e r r e a c t o r s e c t i o n ( 3 i n . i.d. and 4 f t long) than t h e d&signs described i n t h e r e p o r t and has minimized o r eliminated many of t h e concerns regarding t h e r e a c t o r designs i n t h e r e p o r t .
The purpose of t h e t a p e r a t t h e bottom of t h e r e a c t o r i s unclear. It appears t o be an unnecessary r e s t r i c t i o n of t h e flow and p o t e n t i a l l y a place where plugging could occur. It i s recommended t h a t i t s purpose be reviewed.
Since it i s important t o be a b l e t o replace p a r t s e a s i l y , such as t h e ceramic tube, it i s recommended t h a t t h e s t e p s required t o do t h i s be reviewed with t h e manufacturer during t h e d e t a i l e d design phase.
Even though t h e most recent design has minimized t h e concern about leakage through t h e s l i p j o i n t s , it i s recommended t h a t consideration be given t o specifying a minimum acceptable l e a k rate and appropriate t e s t i n g procedures f o r acceptance from t h e vendor.
The hole configuration f o r entry of t h e gas and t h e subsequent mixing of t h e gas and coal can b e s t be d e a l t with experimentally a s suggested i n t h e SA1 report. A 30° angle from v e r t i c a l and a s l i g h t r a d i a l angle t o impart a s w i r l are recommended f o r t e s t i n g . sary t o provide d i f f e r e n t hole configurat i o n s f o r widely varying flow rates.
I t may be neces-
The h e a t e r and r e a c t o r t u b e w a l l thicknesses a r e s i g n i f i c a n t l y d i f f e r e n t . A t t h e h e a t e r / r e a c t o r j o i n t , excessive stresses may develop i n t h e h e a t e r tube as a r e s u l t of j o i n i n g i r r e g u l a r cross s e c t i o n s . These stresses may reduce t h e heater tube l i f e .
I f t h e h o r i z o n t a l h e a t e r t u b e i s not properly supported, sagging w i l l r e s u l t a f t e r prolonged use.
A thorough a n a l y s i s should be made of t h e deformations r e s u l t i n g from thermal expansion of t h e reactor. For example, t h e varying expansion rates of t h e o u t e r j a c k e t , because of i t s attachment t o t h e hot char cooler, may cause deformation a t t h e mounts and connections.
It i s recommended t h a t dual thermocouples be s p e c i f i e d , p a r t i c u l a r l y f o r t h e c r i t ic a l temperatures i n s i d e t h e r e a c t o r . The c o s t i s small compared t o t h e a d d i t i o n a l r e l i a b i l i t y .
V e s s e l w a l l thicknesses a r e discussed i n our review of S A I ' s c a l c u l a t i o n s on SA1 pages B-15 through B-18. A l t e r n a t i v e designs f o r t h e j o i n t s which w e r e reviewed and discussed with METC included flanges, s l i p j o i n t s , threaded j o i n t s , and ceramic cemented j o i n t s . The new r e a c t o r design r e f l e c t s t h e use of several of t h e s e a l t e r n a t i v e s .
Page 24
There is some concern regarding t h e a b i li t y of t h e char cooler t o cool t h e char and gases adequately f o r worst condition cases. Thus, t h e following preliminary a n a l y s i s was considered: FIGURE 4-1 -B a s i s f o r c h a r c o o l e r h e a t t r a n s f e r
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c a l c u l a t i o n s .
1.. T o t a l surfaces and volumes a r e approximate.
2. The char cooler can be adequately modeled a s a " f i r e d h e a t e r . 'I 3. The i n n e r wall temperature is a cons t a n t 690OF.
4 . A l l p r o p e r t i e s are evaluated a t a mean temperature based on t h e o u t l e t and i n l e t conditions (T1 and T 2 ) .
5. Gases such as H e and H2 are transparent and, t h u s , have no s i g n i f i c a n t contribution t o t h e o v e r a l l r a d i a t i v e t r a n s f e r .
6.
The only gases t h a t s i g n i f i c a n t l y cont r i b u t e t o t h e r a d i a t i v e t r a n s f e r are C02 and H20 (steam). t h e i r expected molal percents equals t h e i r a d d i t i v e p a r t i a l pressures.
The sum of
The following a n a l y s i s follows c l o s e l y a paper w r i t t e n by Norman Wimpress of C. F. .
Braun and Company which appeared i n
Chemical Engineering magazine (May 22, 1 9 7 8 ) .
For t h e t o t a l r a d i a t i o n and convective t r a n s f e r i n s i d e a f i r e b o x o r , i n t h i s case, t h e char cooler, t h e governing equat i o n is, where s, = T o t a l energy t r a n s f e r including both A = Plane a r e a of t u b e heat exchanger. convection and r a d i a t i o n , BTU/hr.
For t h e char cooler t h i s w i l l be t h e t o t a l i n t e r n a l s u r f a c e a r e a o r With t h e aforementioned assumptions, part i c u l a r l y t h e constant w a l l temperature, t h i s s i z i n g would be appropriate. Fina l l y , t h e s e c a l c u l a t i o n s are preliminary and f u r t h e r a n a l y s i s i s advisable.
Page 2 7
There i s some concern regarding p o t e n t i a l plugging of t h e s i n t e r e d m e t a l f i l t e r .
METC's i n t e n t t o clean t h e f i l t e r between runs w i l l a l l e v i a t e t h i s concern.
The symbol A on t h e char pot o u t l e t is unclear.
Page 28
There i s some concern regarding p o t e n t i a l plugging of t h e sample f i l t e r .
Pages 30 through 32
The 
Page 39
The system h e a t and material balance i n general appears c o n s i s t e n t based on t h e ' assumptions on pages 30, 31, and 32 of SAI's r e p o r t and t h e smaller r e a c t o r s i z e as l i s t e d on page 1 9 . The only stream t h a t appears i n c o n s i s t e n t is #14, but t h e b a s i s could not be checked s i n c e SA1 d i d not include any c a l c u l a t i o n s f o r t h i s stream.
Pages 4 0 through 44
These heat and material balances w e r e not checked i n d e t a i l s i n c e they w e r e based on t h e smaller r e a c t o r s i z e which r e s u l t s i n smaller gas and coal flows, and higher pressures than are now a n t i c i p a t e d . Also t h e methane content seems higher than possible.
The cooling w a t e r t o t a l requirement cann o t be evaluated u n t i l t h e f i n a l design i s made of t h e heater/reactor. See t h e revised S A 1 Table 3.2 i n t h i s r e p o r t f o r t h e new maximum gas flow rates based on t h e new l a r g e r r e a c t o r s i z e .
Page 2 0 1 Th amount Page 202 f h t t be excha ged i n t h e high pressure' gas preheator, H-101, has increased from 9400 t o 12,600 BTU/hr because o f t h e l a r g e r gas flow i n t h e l a r g e r r e a c t o r . To match t h e heat t r a n s f e r , t h e Dowtherm 'G' flow r a t e should have a corresponding i n c r e a s e from 655 t o 1600 lb/hr. t o be adequate t o handle t h e a d d i t i o n a l load.
The heat exchanger s t i l l appears
The heat load f o r t h i s exchanger condenser H-501, would i n c r e a s e from 49,800 t o about 57,400 BTU/hr because of t h e l a r g e r r e a c t o r . H20 but t h e o v e r a l l t r a n s f e r should be The l a r g e load occurs with divided i n t o t h r e e s e c t i o n s , super heated steam t o w a t e r , condensing steam t o water, and w a t e r t o w a t e r . The heat exchanger, as sized, i s marginal without any allowance f o r f o u l i n g by organic films. A l a r g e r t r a n s f e r a r e a should be s p e c i f i e d o r two exchangers should be used.
Page 203
The h e a t load f o r t h e condenser H-602 should be around 3100 r a t h e r than 625 BTU/hr. The s p e c i f i e d h e a t exchanger should be a b l e t o handle t h e load.
Page 206
A check cannot be made of t h i s cooling w a t e r heat exchanger, H-805, u n t i l t h e h e a t e r / r e a c t o r design i s completed.
Page 300 A t t h i s time it i s d i f f i c u l t t o p r e d i c t
what t h e exact pressure drops, pipe lengths, and tubing configurations w i l l be i n order t o p r e d i c t t o t a l dynamic head f o r pump s i z i n g . SAI's parameters predicted f o r t h e various pumps i n Appendix B, page B-14, look reasonable f o r t h e system shown. The required horsepower equations appear mathematically c o r r e c t and should be adequate f o r t h e system. The capacity f o r t h e P-101 steam generator water pump should be increased from 0 . 1 t o 0.11 gpm. The capacity f o r t h e Dowtherm pump should be increased t o minimize t h e high f i l m temperature problem i n t h e char cooler.
Pages 500 through 538
The f l e x i b i l i t y of t h e instrumentation f o r t h i s p r o j e c t could be increased by t h e u s e of dual thermocouples eliminating unnecessary shutdowns and by t h e u s e of 4-8 data loggers. which can be programmed f o r increased f l e x i b i l i t y has t h e capacity t o e a s i l y monitor one hundred temperature points and could replace many three-pen recorders f o r a c o s t savings. Since t h e system i s heavily instrumented with top-of-thel i n e equipment, c o s t saving p o t e n t i a l s a l s o e x i s t by reducing t h e q u a n t i t y of instruments and possibly t h e q u a l i t y of t h e instruments a f t e r t h e accuracy requirements on t h e process have been defined.
A d i g i t a l d a t a logger
Conceptually, t h e P & I diagrams provide s u f f i c i e n t information a s t o what kinds of instrumentation are being proposed, but METC i s making major changes which have not been evaluated. The two major a r e a s of concern on instrumentation a r e t h e need t o f u r t h e r d e f i n e t h e s a f e t y i n t e r l o c k i n g system and t h e need t o def i n e +?hat valves r e q u i r e remote operat i o n t o eliminate t h e need t o e n t e r t h e pressure c e l l during operation.
I n some cases t h e instrumentation specif i c a t i o n s a r e too s p e c i f i c : They appear t o be r i g i d s p e c i f i c a t i o n s from a part i c u l a r manufacturer, e.g., multipoint recorders. c a t i o n s are too general. The instrument a t i o n s p e c i f i c a t i o n s should be reviewed i n g r e a t e r d e t a i l a f t e r t h e process accuracy requirements are defined and comp l e t i o n of t h e P & I diagram.
I n o t h e r cases t h e s p e c i f iPage 602
The c o a l feeder should be s i z e d t o handle t h e flow r a t e required by t h e a c t u a l rea c t o r s i z e (range of from 1.8 t o 24 lb/ h r f o r t h e 3 i n . i . d . x 4 f t long react o r ) . METC may want t o consider a none l e c t r i c a l d r i v e r a t h e r than E.P. elect r i c a l .
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Pages 604 and 605
T h e coal hopper should be increased i n mum flow r a t e f o r 3 h r i f t h e l a r g e r rea c t o r i s used. probably feed better. s i z e to about 2.0 f t 3 t o handle t h e maxi-A cone shaped bottom would Page 607
The use of Hastelloy X f o r t h e t r a n s i t i o n tube from t h e r e a c t o r t o t h e char cooler w i l l cause a problem. peratures a r e i n t h e range of 2200 t o 2300OF and Hastelloy X w i l l not t a k e t h a t high a temperature (melting point 2300-2470'F).
The design t e mPages 608 and 609
The char pot should be increased i n s i z e
t o handle t h e a d d i t i o n a l volume i f t h e l a r g e r r e a c t o r i s used. Estimates indi-
based on a density of 1 0 l b / f t 3 f o r t h e char and ash. The process l i n e between condenser H-501 and v e s s e l V-505 is 1/2 i n . 0.d. t u b e but V-505 has a 1 i n . pipe nozzle. Such a l a r g e reduction i n s i z e r e q u i r e s more f i t t i n g s than necessary. The major impact i s t h e 1 6 % requirement of CO t o feed t h e system, t h e o t h e r changes have no s i g n i f i c a n t impact. gas flow r a t e i n SCFH is e s s e n t i a l l y correct f o r t h e 2 3/4 i n . i . d . x 3 f t react o r s i z e i n S A I ' s r e p o r t . This needs t o be corrected f o r t h e a c t u a l r e a c t o r s i z e a s mentioned e a r l i e r i n t h e comments. 
4-10 i s n o t a major problem s i n c e t h e f r i ct i o n f a c t o r equation gives only a 30%
higher number (0.17 vs. 0.13 f t / s e c ) .
Page B-10 S A I ' s c a l c u l a t i o n s were checked based on t h e physical property data and t h e equat i o n s presented. The Nusselt number, coal heat capacity, and dimensionless temperature c a l c u l a t i o n s are i n need of c l a r i f i c a t i o n ; however, t h e o v e r a l l conclusion r e s u l t i n g from t h e c a l c u l a t i o n s may not change.
It i s not c l e a r why t h e Nusselt number c a l c u l a t i o n i s based on t h e entrained p a r t i c l e being a t t h e terminal v e l o c i t y of a f a l l i n g p a r t i c l e : It i s doubtful t h a t t h e terminal v e l o c i t y assumption a p p l i e s during t h e b r i e f t i m e involved.
S A 1 c a l c u l a t e d Nu = 2.24 on t h i s b a s i s , whereas a value of Nu = 2.0 would be obt a i n e d i f t h e gas and t h e p a r t i c l e w e r e assumed t o be a t t h e same velocity.
The heat capacity of coal, C, l i s t e d by S A 1 t o be 1.05 BTU/lb°F could n o t be calc u l a t e d from t h e equation given on Page B-10. P e r r y ' s Chemical Engineer's Handbook (Page 3-136) gives t h e range of C f o r coal a s 0.26 t o 0.37 BTU/lb OF.
It i s not clear how S A 1 obtained a value of (T-T,)/To-T,)
= 0.05 o r why t h e symbol T1 was used r a t h e r than To as given i n SAI's Reference 7. I f values of T = 2030°F, T, = 3000°F, and To = 50°F a r e s u b s t i t u t e d i n t o t h e equation, t h e res u l t i s (2030-3000) / (50-3000) = 0.329.
The above concerns do not seem t o a l t e r t h e apparent conclusion drawn by S A 1 t h a t t h e c o a l p a r t i c l e s can be heated quickly enough. I f t h e c a l c u l a t i o n s a r e 4-11 modified using t h e above value of (T-T,)/ -(To-T,)
= 0.329, t h e r e s u l t i n g value of 0 = 0.013 sec, which i s less than t h e 0 = 0.035 s e c obtained by SAI. It i s recommended t h a t t h e s e c a l c u l a t i o n s be again reviewed f o r t h e l a r g e r p a r t i c l e s i z e s based on t h e f i n a l r e a c t o r s i z e and residence t i m e .
Page B-12
The equations and numerical results presented on pages B-12 and B-13 f o r heat t r a n s f e r from t h e ceramic s p i r a l channel t o t h e steam w e r e reviewed, and it was found t h a t some of t h e numerical r e s u l t s could not be reproduced. An independent c a l c u l a t i o n w a s also performed.
Apparently two of t h e equations were m i scopied: The s i x t h equation should be
and t h e seventh equation should be It w a s assumed t h a t t h e steam p r o p e r t i e s given w e r e a t 3000OF and 1 0 0 0 p s i g a n d a value f o r t h e d e n s i t y w a s determined a t t h e s e conditions s i n c e none was given. The r e s u l t s compare a s follows: Also, t h e c a l c u l a t i o n s w e r e repeated using property values from THERMAL (a commerc i a l l y a v a i l a b l e heat t r a n s f e r computer codelat 1500OF: A value of U* = 53 res u l t ed.
Thus, SA1 c a l c u l a t i o n s a r e numerically inc o r r e c t , although it i s d i f f i c u l t t o determine exactly where since t h e d e t a i l e d sample c a l c u l a t i o n s w e r e n o t provided.
An independent approach w a s taken t o evalu a t e t h e maximum temperature of t h e cerami c wall. S A I ' s approach involved assuming t h e maximum temperature t o be 3001OF. This provides conservatism i n evaluating t h e length, but does not provide an assessment of t h e maximum temperature.
THERMAL was used t o make t h e c a l c u l a t i o n s f o r pure helium, nitrogen, hydrogen, steam, carbon monoxide, and carbon dioxide a t t h e following conditions:
Volumetric Flow = 800 SCFH Pressure = 1 0 0 0 p s i g I n l e t gas temperature = 600°F Out1 e t gas temperature = 3000OF Channel dimens i o n s = 0.0147 f t x 0.0147 f t x 20.2 f t long The r e s u l t s obtained a r e as follows:
I I n l e t Outlet The statement of t h e problem, a n a l y s i s , and r e s u l t s f o r t h e steam case a r e a s shown i n t h e computer p r i n t o u t on t h e followi n g pages.
The gas stream compositions summarized i n Table 6 .2, page 37 of t h e SA1 r e p o r t were then used t o estimate t h e ceramic s u r f a c e temperature a t t h e o u t l e t f o r t h e mixtures.
I t w a s assumed t h a t t h e ceramic temperature i n c r e a s e above t h e bulk f l u i d temperature n e c e s s i t a t e d by each gas was proportional t o t h e concentration of t h e gas and t h a t t h e t o t a l volumetric flow i n a l l cases w a s 800 SCFH. The r e s u l t s a r e a s follows: steam)
The h o t t e s t temperature c a l c u l a t e d w a s f o r Case I11 D which i s pure steam. The temperature i n c r e a s e across a 1/4-in. ceramic w a l l was estimated t o be 30°F so t h a t t h e maximum c a l c u l a t e d ceramic t e mp e r a t u r e i s 3360OF.
Mark ' s Handbook (7th Edition, page s t a t e s t h a t s i l i c o n e carbide decomposes above 4060OF. Manufacturers' recommended maximum temperatures a r e s u b s t a n t i a l l y less than t h i s .
Uncertainties regarding t h e heat t r a n s f e r c a l c u l a t i o n s e x i s t as follows :
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2.
3.
The amount of gas which w i l l l e a k p a s t t h e s p i r a l channel was n o t estimated.
The a d d i t i o n a l heat t r a n s f e r from t h e ceramic channel t o t h e gas by r a d i a t i o n was n o t estimated.
The c a l c u l a t i o n model assumed a 1/2-i n . square channel with a 1/4-in. t h i c k wall. The proposed design, a s p i r a l groove i n a s o l i d cylinder, is physically d i f f e r e n t .
4.
The extent of hot spots is unknown.
5.
I n
The conclusion, it appears t h a t t h e SA1 proposed design w i l l provide s u f f i c i e n t heat t r a n s f e r a r e a t o heat t h e gases t o 3000°F, but concern e x i s t s regarding t h e temperature l i m i t a t i o n s f o r s i l i c o n e carbide. a v a i l a b l e . It i s recommended t h a t addit i o n a l preheater capacity be provided and t h a t t h e h e a t e r s e c t i o n of .the r e a c t o r b e used only f o r high temperatures t h a t would exceed t h e c a p a b i l i t i e s of t h e preheater. This would enable t h e r e a c t o r h e a t e r t o o p e r a t e with lower ceramic temperatures and/or provide some extra capacity. Detailed s p e c i f i c a t i o n s f o r manufacture of t h e square channel should s p e c i f y an ample radius t o avoid stress concentration problems. The h e a t t r a n sf e r c a l c u l a t i o n s should.again be reviewed when t h e h e a t e r design i s firmer and t h e maximum gas flow rates have been firmly ,established f o r t h e a c t u a l r e a c t o r design.
A more conservative approach i s i Paae B-13 SAI's approach and numerical values were used t o check t h e c a l c u l a t i o n of T 4 , t h e heating element temperature. The calcul a t e d value of T4 was found t o be 2940OF compared t o SAI's value o f 3518OF: Apparently, t h e r e is a numerical e r r o r i n SAI's c a l c u l a t i o n . Also, S A I ' s assumption t h a t 1/4
l e a d s t o t h e erroneous conclusion t h a t T4 = 2940OF i s adequate, but t h e gas cannot b e heated t o 3000OF i f t h e h e a t e r temperature i s only 2940'F.
I n addit'ion, THERMAL , a commercially a v a i l a b l e heat t r a n s f e r computer code, w a s used t o provide a second approach. For t h i s approach, a value of 2.73 f t ( r a t h e r than 1.1 f t s t a t e d i n t h e r e p o r t ) was used f o r t h e h e a t e r length s i n c e t h i s i s t h e length corresponding t o a 20.2 f t long s p i r a l according t o t h e l a s t equation on page B-12. s e r v a t i v e , it was assumed t h a t t h e e n t i r e o u t s i d e s u r f a c e temperature o f t h e cerami c t u b e w a s a t 3360°F, t h e maximum c a lc u l a t e d temperature f o r 800 SCFH of pure steam ( C a s e I11 D ) . The r e s u l t i n g value of T4 was c a l c u l a t e d t o be 3440OF.
Also t o be con-
Since both values of T4 c a l c u l a t e d i n t h i s report w e r e less than t h e value of 3518OF reported by S A I , any conclusions drawn by S A 1 regarding t h e a c c e p t a b i l i t y o f t h e heating element m a t e r i a l s would s t i l l appear t o be v a l i d . It i s recommended t h a t t h e h e a t e r be designed with m u l t i p l e independently monitored and cont r o l l e d heating zones. t h e f l e x i b i l i t y i n providing a g r e a t e r heat f l u x near t h e cooler i n l e t and a This would allow .
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lesser heat f l u x near t h e h o t t e r o u t l e t t o minimize t h e ceramic temperature a t t h e o u t l e t .
The statement of t h e problem, a n a l y s i s , and r e s u l t s a r e a s shown i n t h e computer p r i n t o u t on t h e following pages. 
Page B-15
Maximum allowable stress values used t o c a l c u l a t e wall thicknesses are too high r e s u l t i n g i n t h e c a l c u l a t i o n of t h i n n e r w a l l s than a r e acceptable according t o ASME code. The equations should a l l be r evi ew ed . Thus, i n e i t h e r case, 1 0 i n . Sch 80 (0.500 i n . t h i c k ) 304L s t a i n l e s s steel is accept a b l e . However, erroneous s t r e s s values and equations give a f e e l i n g of incompleteness and uneasiness.
The sample r e c e i v e r and Dowtherm surge tank should be made o u t of 304L r a t h e r than 304 s t a i n l e s s steel. Since welding i s required during f a b r i c a t i o n , 304L would be a much b e t t e r choice.
Tubing materials appear adequate a t a l l locations. Tubing w a l l thicknesses a r e adequate, though f o r s a f e t y , appropriate r e l i e f valves made of compatible material should be employed. Note t h a t 304L tubing and pipe should be used r a t h e r than 304 because i t s corrosion r e s i s t a n c e i s b e t t e r a f t e r welding.
The remaining stress c a l c u l a t i o n s i n Appendix B were checked and are acceptable, 
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with t h e exception of allowable stress values and t h e head equation noted above.
Neither of t h e s e e r r o r s w i l l change t h e c a l c u l a t e d v e s s e l thicknesses enough t o r e q u i r e drawing changes.
Tubing thicknesses w e r e checked v i a ANSI B31.1 and found t o be adequate; however, one exception t o t h i s i s t h e t u b e from t h e steam superheater t o t h e i n j e c t o r . This t u b e i s c a l l e d o u t as Hastelloy X and would not m e e t code a t 1800'F. This could be enclosed and shortened t o minim i z e p o t e n t i a l dangers.
Note t h a t t h e steam superheater i s t o b e . enclosed i n a purged enclosure because of electrical concerns ; however it should a l s o be mandatory from pressure considerat i o n s . The stress a n a l y s i s f o r tubing and pipe w a s as follows:
Allowable stress, SE = 9000 p s i a t 800°F (ANSI B31.1, 304L SST seamless tubing and pipe) From B31.1, t h e governing equation f o r c a l c u l a t i o n of t h e w a l l thickness, t , based on t h e diameter, Do, i s 
5.Review of cost estimate
Section 5 contains a review of S A I ' S c o s t estimate t h a t w a s provided a s an informal Supplement t o t h e design report. reviewed f o r r e l i a b i l i t y of t h e equipment c o s t breakdown, t h e a r e a s of c o s t uncert a i n t y , and t h e areas f o r p o t e n t i a l c o s t savings.
It w a s Section No. 1 -U t i l i t i e s and Chemicals
This s e c t i o n cannot be evaluated without a layout of t h e f a c i l i t y and knowledge of t h e u t i l i t y source l o c a t i o n s and cond i t i o n s . Several items are l i s t e d , such a s R/O water pump, N2 and C02 compressors, which are n o t on t h e flow sheet.
Section No. 6 -Process V e s s e l s V e s s e l s V-101, 1 0 2 , and 103 are costed i n t h e estimate but do not show oh t h e flow sheet. Two each of v e s s e l s V-202, 503, : I ! 504, 505, 606, and 707 a r e i n t h e estimate, b u t only one each i s shown on t h e flow sheet. The estimate of $1700 equipment c o s t on t h e c o a l hopper/feeder, V-202, does n o t agree with t h e quote of $12,000 from PEMCO i n t h e f i n a l r e p o r t document. A reverse osmosis permeator It seems s t r a n g e Sections X 2 and X3 -Valves, F i t t i n g , ' Tubing, and Miscellaneous Building Support N o comments could be made on t h e s e sect i o n s s i n c e a major r e v i s i o n i s under way on t h e flow sheet, and no information on t h e building i s a v a i l a b l e t o MRC.
Contingency
A contingency of 15% on t h e overall proj e c t seems very low with such key uncert a i n t i e s as t h e gas h e a t e r design, t h e r e a c t o r design, and o t h e r incomplete designs. I n addition, no allowance w a s made t o coordinate c o s t s t o a construct i o n schedule and include an e s c a l a t i o n f a c t o r to account f o r i n f l a t i o n .
MRC safety analysis
The purpose of t h i s s a f e t y assessment i s t o provide a t h i r d p a r t y review t o a s s i s t i n maximizing t h e s a f e t y and property p r o t e c t i o n f e a t u r e s . This a n a l y s i s ident i f i e s t h e highly probable and highly s e r i o u s p o t e n t i a l s a f e t y hazards and includes appropriate recommendations.
This s a f e t y review i s concerned with t h e process concept and generic s a f e t y feat u r e s of t h e conceptual f a c i l i t y design. S p e c i f i c design f e a t u r e s a r e considered when i d e n t i f i e d i n t h e Operation and Safety Manual, i n d i c a t e d on process flow s h e e t s , or v e r b a l l y communicated t o MRC personnel; however, a comprehensive safet y a n a l y s i s of t h e design was n o t poss i b l e because o f a lack of a d e f i n i t i v e design. W e have attempted t o i d e n t i f y p o t e n t i a l hazards i n t h e process, facili t y , monitoring systems, and pxocedures from information a v a i l a b l e and t o suggest c o r r e c t i v e o r m i t i g a t i n g changes.
The general method of a n a l y s i s used w a s based upon t h e ERDA developed "Occupancy-U s e Readiness Manual -Safety Considerat i o n s " ERDA-76-4 5-1. T h i s method provides an o v e r a l l review of t h e s a f e t y concerns o f t h e p r o j e c t b u t does not provide a systems a n a l y s i s on t h e component and component i n t e r a c t i o n l e v e l a s does fault-tree a n a l y s i s . This technique involves t h e DOE'S management oversight and r i s k tree (MORT) concepts.
The major areas considered i n t h e analysis w e r e : t h e s t r u c t u r e s , s e r v i c e s , process and hardware design, management cont r o l systems, monitoring systems, and personnel readiness. Each of t h e s e a r e a s i s discussed i n g r e a t e r d e t a i l and suggestions t o improve o r ensure s a f e t y and property p r o t e c t i o n i n each area a r e offered.
6.1.
Building and Grounds
It i s important t o be assured t h a t no one i s i n t h e cell, o r endangered by t h e relief mechanisms, while t h e process equipment i s energized. T h i s involves:
-Assurance by t h e operator t h a t t h e c e l l is unoccupied p r i o r t o system a c t i v a t i o n .
c e l l -possibly system i n t e r l o c k s .
-Methods of preventing e n t r y i n t o t h e -Methods of locking and assuring t h a t t h e perimeter fence around t h e test cells i s secured. The fenced a r e a should allow f o r safe "blow-out" of t h e c e l l without endangering personnel.
I f t h e blow-out design of t h e roof i s considered, t h e e f f e c t o f snow loading on t h e degree of blow-out p r o t e c t i o n needs t o be evaluated. A p r e f e r r e d cell r e l i e f mechani s m &y be t o blow t h e r e a r walls i n t o bunkers. The blown-out panels should be designed not t o shear any u t i l i t i e s .
Employe evacuation r o u t e s i n t o t h e proposed fenced enclosure o r near any endangering u t i l i t i e s (high pressure l i n e s , etc.) must be avoided. Thus, t o m e e t L i f e Safety Codes, two o r more e x i t s i n t h e d i r e c t i o n opposite t h e cell are recommended.
The layout of t h e t o t a l system (control room, cells, gas supplies, etc.) should consider a l l energy sources with t h e pot e n t i a l f o r causing accidents. Ground space permitting, a l l such energy sources should be separated s o t h a t they w i l l n o t 6-1 impinge on each other. This w i l l proba b l y exclude a l l gas storage, etc. from t h e proposed fenced area. Also, supply l i n e s should n o t be endangered by t h e
. c e l l r e l i e f mechanism, see Figure 6 -1.
It is recommended t h a t t h e Control Room and t e s t c e l l s be physically i s o l a t e d from each o t h e r as f a r as p r a c t i c a l . This i s recommended because:
-Design a n a l y s i s of t h e cells cannot a n t i c i p a t e consequences of a l l poss i b l e system f a i l u r e s .
-Noise c r e a t e d by an explosion may be harmful t o control room occupants and it w i l l be d i f f i c u l t t o analyze t h e s e e f f e c t s a s p a r t of t h e c e l l s a f e t y a n a l y s i s .
-Minimize cross-ventilation problems.
V e n t i l a t i o n
To enable t h e monitoring system t o be used t o d e t e c t l e a k s , t h e c e l l v e n t i l at i o n should be set a t t h e minimum level required t o prevent h e a t buildup. To 
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